DOCUMENT RESUME 



ED 295 597 



IR 013 249 



AUTHOR 
TITLE 
PUB DATE 
NOTE 



PUB TYPE 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



Lykos, Peter 

The 'E' in ICCRE. 

Jun 85 

Hp,; Paper presented at the International Conference 
on Computers in Chemical Research and Education (7th, 
Garmisch-Partenkirchen, West Germany, June 10-14, 
1985). 

Guides - Non-Classroom Use (055) — Reports - 
Descriptive (141) — Speeches/Conference Papers (150) 

MFOl/PCOl Plus Postage, 

Accreditation ( Institutions) ; ^Chemistry; ^Computer 
Assisted Instruction; Higher Education; ^Professional 
Associations; ^Science Instruction 
^American Chemical Society 



ABSTRACT 

This study of the role of the American Chemical 
Society (ACS) in chemistry education begins by discussing the lack of 
computer-'based enhancements in the studj of chemistry and goes on to 
describe ACS efforts to deal with this problem, including a member 
survey, formrition of the Computer Secretariat to coordinate 
computer-relaited activities within the ACS, establishment of a 
network for electronic conferencing, symposia dealing with computers 
in chemistry, newsletters, and teacher workshops, A bachelor's 
program at Southern Methodist University in which chemistry majors 
can pursue a minor in computer science is described • Interaction 
between the ACS and the Mathematical Association of America to 
determine how the capabilities of computers have changed the 
mathematics skills needed by chemistry students and a plan to make 
Chemical Abstracts and CAS ONLINE available to schools at discounted 
rates are also noted • The ACS bachelor's degree approval program is 
discussed, and a section on computers in chemistry which is appended 
to the ACS Guidelines for Approval of Bachelor's Programs is 
attached, (MES) 



* Reproductions supplied by EDRS are the best that can be made * 

* from the original document, * 



ERLC 



THE 'B' IH ICQCRE 

Beter lykos 
Illinois Instit'.ute of Otedmology 
Chicago, niinois 60616, USI^* 



U.S OCFAnTliEttT or EDUCATION 
Offica of Educ«tK>nfti ReM«rch snd Improvement 

EDUCATIONAL RESOURCES INFORMATION 
CENTER (ERIQ 

j^This document hes been reproduced es 
received from the person or orsenizetion 
origin«tif>g it 

O Minor chenges nsve been mtde to »mpf0ve 

reprcductiOf> quality 

• Points of view 0 dpinionsststedinthisdocu' 
mont do not necessarily represent oHtCiSl 

GtR] position or policy 



The 1st ICX:CRE was held at Northern Illinois University in 1971. Bart of 
the funding came from the US National Science Foundation's Science Education 
Directorate. Qie of the main purposes of that Conference was to bring to*- 
gether those at the forefront of bringing computers to the practice of 
chemistry with those preparing the students of tlie day to become the 
professional chemists of the future. 



As was reinforced by the Arthur a Little report (on the occasion of the 
100th anniversary of the Merican Chemical Society in 1976) the ACS has two 
principal purposes: 

(a) the advancement of the science of chemistry and 

(b) the education of chemists. 



The ACS plays a role which is distinctive in the spectrum of major 
scientific discipl^.ie& Ohe ACS is th^ only major professional society in the 
\JSk sqpporting its members active in all the aspects of the practice of the 
sciaice including industry, research and development, and educatioa The 
coupling and interaction between the several components of the chemistry 
establishment is facilitated - and eihanced - through the forum which is the 
ACS. 



Biter the computer - that entry first publicly identified, in 1951, by the 
international Conference on Quantum Mechanical Methods in Valence Iheoiy at 
Shdtcr Island, New York. Jost eight years later, in 1959, there hapgered 
the first rea^rded incorporation c£ a cxsmputer application as a regular part 
of a required undergraduate chemistry course (programming in machine 
language to do data analysis as part o£ a physical chemistry laboratory. 



Computer-based enchancements to the practice of chemistry are being 
introduced and refined ac an ever increasing rate. However, it is likely 
true that evai those s<hc>ldrs leading the chemistry establishmait toward 
greater and greater insights into the ever expanding discipline we call 
chemistry - even they, on the average - lag substantially behind in use of 
state-of-the-^art technologies of computer science and engineering and in 
^ cealiatign of the PPtmttal for technology transfer from discipline to 

^ discipline via the vehicle of computer hardware/software. 

no 
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The problem (or loss of c^rtunity) is exacerbated in chemistry 
education in the USA for three reasons : 

(1) Oiiversities are distinctive in the major emphasis placed on research 
activity which is large compared with the emphasis on improving the 
undergraduate program in ciiemistry. Ohose ir\ost likely to be at 'the 
cutting edge' are Isasi^ likely to be concerned with maintaining the 
quality - and the currency - of undergraduate chemistry. 

(2) Colleges/ generally not hashing graduate programs/ place greater 
enphasis on undergraduate education and/ of course/ the undergraduate 
research experience has been - and continues to be - the most valuable - 
the 'integrating' - component in that process. But there the so-called 
ccroputer-based enchancements brou^t into the educational process tend 
to be 'computerization' of B.C. (Before Computer) problem-solving 
methods - hardly an attraction to bright young minds to enter a career 
in chemistry. 

(3) The quality of science and mathenatics education and the level of 
ccnmunication skills of graduates of the secondary - or feeder - schools 
ha^e fallen to an unacceptably low level - so much so that colleges and 
universities ha^e had to give up sane of the already too little time in 
the undergraduate chenistry curriculun for remediation prograns. 

Ohe ACS has a joint Board-GotncU Comnittee on Professional Ttaining 
(CEP) which will celebrate its 50th anniversary at the Spring 86 National ACS 
Meeting in New York, lhat comnittee of twelve sets standards for bacfaeUor's 
degree programs in chemistry. Currently 580 chemistry departmaits are on the 
ACS/GET approved list - 200 with the Ph,a the highest degree offered; 
130/ the MS; and 250/ the BS/BA. Ohose 580 (of the 1/100 or so in existence) 
produce 10/000 (of the 11/000) bachelor's degreed persons eveiy-yean Also 
one should note that as those 580 have about 10,000 faculty the average rate 
is one bachelors in chemistzy per chemistry professor per year (in CPI>- 
approved chemistry departments). 

Ohe ACS/CFT revised its guidelines for approval of bachelor's degree 
programs in chemistzy in October/ 1983. In preparation for that revision a 
survey was made of a 112 department sample regarding computer si?)port/ 
computer sophistication of the (some 1/500) faculty/ and ccnoputer-tesed 
enhancements to the practice of chemistry in their curricula. In addition 
CFF solicited 'appendices' to those guidelines from the technical ACS 
Divisions. Ohree of the nine such (published in Nay/ 1984) were from 
Divisions whose members were already deeply involved with computers/ namely; 
Analytical Chemistry, Chemical Information and Computers in Chemistry. Ihose 
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appendices listed oonoepts their members £elt should be treated somewhere in 
the £our year program together with sample questions by wa^ of calibration 
with respect to lev'd and scope. 

Uie AQS/CET appendices reflect that CPT's members include researdiing 
diemists from major universities and industry as well as chemists from 
colleger ihus (ST constitutes a forum overlapping research in chemistry and 
education of chemist& The appendices were generated by the corresponding 
technical divisions of the ACS: appended as an example is that produced by 
the ACS Division of Computers in Chemistry* Ihe reaction to that appendix 
has been that much more is being called out for inclusion in the bachelor's 
degree program than mi^t reasonably be incorporated - yet - spokepersons for 
the ACS Division of Chemical Bducatioi have reoogiized that appendix as a 
tar'jet to be worked toward and a goal to be achieved* 

Recently there was formed within the ACS tha Computer Secretariat 
whose membership includes six ACS Divisions as follows: 

Analytical Chemistry 
Chemical Education 
Chemical Informaticwi 
Conputers in Qiemistry 

Industrial and Engineering Chemistry (in process) 
Plysical Chemistry* 

Thus a formal computer-oriented coqpling mechanism is coming into play within 
the AC& In addition to better coordiiation of computer-related activities 
within the ACS, the Computer Secretariat makes it feasible for the chemistry 
establisiinent to speak to the other ccmputer-focussed professions and policy 
makers with a united voice* Examples are inplementation of the ACS ComSci 
OSsisk Force on Largescale Scientific Computing recommendations/ and the 
appLiCatioi by the ACS to the American Federatioi of Information Processing 
Societies (MIVS) for aff iliateship (hopefully •iiarter member status)* 

Computer-based electronic conferencing can reduce the intercommunication 
barrier between all the ccmpnents of ACS as well as between ACS and other 
audience& In particular, ACS has started a trial national network involving 
a few AGS Committees such as the Committee on Professional Ttaining. In 
additioiv with HL&p. si^port. Project Seraphim based at Eastern Michigan 
University has instituted (SYltlErCtm) whereby participants in joint high 
school-college chemistry teacher computers-in-education summer projects can 
continue to communicate with eadi other during the academic year from their 
respective institutions geographically distributed all over the USA. Finally 
the concept of regional nodes dedicated to electronic conferencing^ 
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GHEMNET(tm), also has gained attention where the focus on local persons 
communicating with local perscxis facHitates aasy communicaticxi between 
practicing scientists and science educators as well as making possible 
enhancements to local ACS Section activities* 

The Division of Computers in Chemistry^ created eleven years ago by the 
ACS, has. conducted a large number of symposia *- most of them published - 
dealing with some focussed area of computers in chemistry. Ihe most recent 
such publication appeared in September^ 1984; Computer E ducation of Chemists 
(Wil^-Interscience/. A more recent activity of the ACS Division of Computers 
in Chemistzy is a further illustration of an initiative from a tedinical 
division toward opening r w vistas in chemistry education At the i^ril 85 
ACS National tieeting in .lami Beach, Florida, the S^posium on Academic 
Programs in Computational Chemistry drew several papers illustrating a variety 
of responses to the overlap between 'computer science' and chemistry. Perhaps 
the most broadly based presentation was that by Professor Michele Scullane of 
Southeastern Massachusetts University(SMU). She described how th^ had 
augmented chemistry courses via the laboratory (in analytical, instrumental 
and physical chemistry with both data reduction as well as on-line computer 
applications. Also th^ developed two chemistry courses in computer 
programming and numerical methods - one in the freshman year and one 
associated with physical chemistry. 

Fbllowing that SMD instituted a minor in computer and informatics 
sciences where the chemistty major, starting with the third semester, can take 
a QS oourse every semester. Ohe students in that QS minor take about 130 
semester hours and are still certifiable as having completed an ACS/CFT 
approved program whereas their colleagues who take the regular certifiable 
chemistry program need take only about 120 semester hour& 

Graduates of the CIS-minor-augmeited bachelor's degree in Chemistry 
program can go to graduate school in chemistry or in ccnputer science. 

The goals of that program are as f ollcws: 

(a) Provide students with more flexible career options 

(b) Recruit more and better chemistry majors 

(c) Encourage chemistiy faculty colleagues to broaden skills 

(d) Increase nunber of QS minors 

(e) Make feasible 'bailout' from the CIS minor at an/ time. 

« 

The most inspired part of SMU program is the creation of a new 
freshnan oourse, a one-semester-hour semineu: on computer science as a 
dlsciEiline. Students come to college full oE excitement about entering the 
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Infozmation Age yet tfa^ have only vague and uneven impressions of just what 
is really going on. Ihe canonical course in oomputer programming many 
colleges require of their incoming freshn^ usually serves only to accultura^e 
the student to the local computing environme± - and even thai the students do 
not make serious use of the computer until their upper division diemistiy 
ooursea with that seminar the students are able to see that they can major 
in an establii^ied substantive discipline and still get deeply into operating 
system, utilities and applications computer software as well as oomputer 
architecture. 

Olie Division of C3ieniical Education, on the ether hand, has ar active 
Coranittee on Ccropu^; 3rs in Chemical Educatioi (with a quarterly CCCE. 
Newsletter now in it«: ei^th year) as well as sicpiif icant coverage of 
con^uters in education via articles in the ACS Journal of Q.emical Education. 
(Ihe ACS Journals Department, rather than the individual tedinical divisions, 
puhlii^s the some 20 ACS technical journals - all with refereed article& 
The Journal of Anedytical Chemistry occasionally includes tutorials on aspects 
of computers in diemistty ranging from laboratozy networking to scientific 
wor4>rocessorsJ The CC.CE. conducts many regional and nati<xiHl work shops 
for high school and college chemistzy teachers on computers in chemical 
educaticn. 

At the forthcoming ACS National M^jting in Chicago in September the 
Division of Chemical Education is oxiducting a ^mposiuro on Writing Across 
the curriculum. A special effoct will be made via the Division of Computers 
in Chemistry to demonstrate the machine-based aids to emalysis of Qigli:^ text 
coming to be available. Cut of AF£n«-Bell Laboratories has come the writer's 
W<M:kbench(tm), a collection of programs wMdi analyse Ekiglish text from the 
perspective oC Strink and White's Elements sg .StXifi* Sentence parsing 
algorithms make further enhancements possible. Derivatives of that system 
now are available which rtn on common personal compute'-s. The timing of those 
developments is quite good for chemistry curricula as the complaint most often 
heard by ACS/CFT about new bachelor's degreed persons in chemistry is that 
they have poor communication skUls. Access to Ehgli^ :ext analysis tools 
means that chemistry professors can assi9i writing projects such that the 
mechemics of using the Qiglish language can be cuicilysed by the machine and the 
chemistry professor can deal witiri the substantive part of the composition. 

Of the 580 schools in the aa with ACS/CFT approved diemistry 
departroaits 125 have chemical eigineering departments whidi must be served. 
That follows because the AIChE requires that undergraduate chemical 
engireerj'>g majors take their chemistry courses, through physical chemistry, 
from the chemistry department, in order to have good communication between 
those two groups there are occasi(xial joint meetings: the most recent sudi 
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hapEened in Harch of 1984 focussed on the content of undergraduate 
Eiyaical cfaemistzy oourses. Ohat fhree^day retreat involved six pfaysical 
cfaeodats from in^tiy and academe and six chemiczd engineers edso from 
industry and academy m addition Peter Atkins and Gilbert Castellan were 
present as they ace authors of widely used plysicai chemistxy textbooks. 
Called out for ^cial attention at that Invitational Worksh(^ was the inqpact 
of the computer. Hhat work£hop represents yet another cooperative effort 
between the several sectors of the chemistry establishment with a vested 
interest, namely; CET and the Divisions of Chemical Education, Industrial and 
Engineering Chemistry and Physical Chemistry. 

Another phenomenon affecting education of chemists because of the advent 
of the computer is that numerical methods now can be applied to solution of 
chemical problems at a much earlier level than hitherta Ihe Mathematical 
Association of America has a panel on service oourses which has been meeting 
with representatives of those disciplines whose majors take several lower 
division mathematics courses to determine just how the sequence and emphases 
of concepts should be revised. Last Januaiy two representatives of the ACS 
(a Chemometrician and a aheoretical Oiemist) met with that panel. Ohe 
(primarily numerical) methods identified f<»: that MAA panel as being basic to 
the (aractice of chemistry were: 

(a) nmerical solution of transcendental equations 

(b) SimuLtcmeous linear equaticms 

(c) Regression analysis 

(d) Nunericed integration 

(e) Rmerical solution of differential equations 

(f) Elgervalue/eigenvector E»:ohlems. 

FUrtfaa: and m<»:e structured interactions eure being planned. 

Ohere are some 7,000,000 known chenical substances whose ^theses have 
been described in the literature and that number is increasing at the rate of 
about 7,000 per week. Accordingly undergraduate chemistiy m^ors need to 
learn about corresponding onnputerHbased chemical information resources. Ihe^ 
need to become sensitive to the need to transform a three-dimensional simply- 
connected mQ].ecular diagram to a string of characters and to do that in a 
manner which facilitates searching through a corresponding data base. In 
order to address that issue the ACS has had the Chemical Abstracts Service 
develop a College Plan whereby, on a sliding scale depending on size of the 
school and the kind of utilization, a substantial disooint is available for 
both the printed version of Chemical Abstracts and CAS OHilNE (the latter 
outside of peak hours at a 90% discount). At this point in time there are 
over 240 active accounts from 173 parcicipating school& Also the '.GS Division 
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o£ Chemical Information - yet emother ACS technical division - has purred a 
ccnpccbensive and current bibliograt^ on literature searching for interested 
schocxLs. 

uitil recently the ACS bad been the only major scioitif ic discipLine-> 
focussed society in the a&A. with a bachelor's degree approval program^ In 
1980 the ACS/CFT approved program was presented to the President of the 
Association for Computing Machinery as a model for a similar program for 
undergrackiate programs in ocanpjter sciexs. lhat act started a series of 
events which led to the creation of the Ccinputing Sciences Accreditation Board 
in July, 1984. Ohus standards axe being introduced into tndergraduate 
computer scioice education. Ohat affects mdergraduate chemistiy education as 
man/ chemistry departments require their indergraduate majors to take a 
computer science course. Indeed, as noted cdxve, a few departments of 
chemistry already have created a computational chemistry qption or co-major. 

A related event, following an initiative by a member of the ACS/CFT in 
1981, was the creation by The College Board of an Advanced Placement Exam and 
corresponding course outline in Computer Sdencei That one-year college-level 
course was first introduced in fall, 1983, and on 10 Hay, 1984 , 4,300 high 
school students from 915 high schools (of the 23,000 in the US) took the 
AP/CS Exam. Half again that number took the second such exam on 9 May 85 
across the a&A. Ohe nionber of participating high sdiools also increased (by 
40%). EASQVL is the AP/CS language of choice. Thus standards are being 
introduced into computer science educati<m in hi^ schools and that is bound 
to affect the hi^ school education in onnputer sd&nce of oollege-boind 
students (of the ccdiber desirable as 'feedstock' for the chemistry 
establishment) . 

Uhfortmately, introduction of computer-based enhancements to chemical 
EKdslem solving in the mdergraduate program tend to happen primarily at the 
3SSSSL division level. Ohus incoming f rei^en, stimulated by their focussed 
con^uter science education and a general awareness they will live as part of 
the Information Age, are not likely to discover in time to become chemiatry 
jBjQCS that chemistiy is probably the richest scientific discipline with 
reject to the range cuid depth of computer use. 

The most critical need with regaro to attracting better students to 
chemistry careers at this point in time is articulation of the feeder schools 
with college chemistiy curricula, particularly through inccarporation of non- 
trivial computer-based enhancements to the practice of chemistry into the 
lower division courses - especially the first year chemistiy courses. 
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ChemifitG meat pcominent in rfieeaxdx are the persons looked to as role 
models and for leadership in the practice of chemistry. They are the most 
visible exemplars of the intellectual achievements possible in that central - 
and expanding - science of chemistry. Ohe education of future chemists is too 
important to leave to chemistry educators edone. Hence the stemding next 
to the 'R* in ICCCRE. 
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American Chemical Society Committee on Professional Training 
Appendix to the October 83 Guidelines for Approval of Bachelor ^s 
Degree Programs. 



COMPUTERS IN CHEMISTRY 
(Prepared with the Help of the ACS Division of Computers In Chemistry) 



Computers and cc-'nputer -aided technology have become an Integral part of many 
aspects of modern chemistry. Interactions of chemists with computerized Infor- 
mation retrieval services^ computer-aided problem analysis^ automated analytical 
Instrumentation^ and expanding applications of chemonetrlcs are becoming mora 
and more prevalent. The great versatility and availability of microcomputers 
makes the cost of hardware and software a minimum barrier to Incorporation of 
computer-based Instruction and enhancement Into the undergraduate curriculum. 



I. TOPICAL OUTLINE 



The topics and concepts listed represent goals In a rapidly developing 
field. They range from Introductory topics already an Integral part 
of many programs to other topics where recent developments are chang- 
ing so fast that courses will have to be updated regularly as develop- 
ment occurs. The appendix material for Analytical Chemistry and 
Chemical Information Retrieval should also be consulted. For example^ 
note that Items such as C and D may be appropriate for advanced 
t n str umen ta I cour ses . 

A. Introduction: capabilities and properties of digital computers; 
accuracy and precision; significance of numbers; error 
accumulation; the f lo^tlng-poMt number system; design of 
algorithms; selection of appropriate hardware and software resour- 
ces for a particular application (mainframe v3. minicomputers vs. 
microcomputers); user Interaction with dedicated systems vs. 
general purpose systems; computer-assisted technical writing. 

B* Programrr^ ng: operating systeins - CP/M. UNIX; high level languages 
- BASIC, FORTRAN, PASCAL. C; assembly language. 

C. Hardware Interfacing: digital logic; transducers; A/D and D/A 
converters; close- loop control. 

0. Data Collection, Manipulation, and Display: ensemble averaging; 
digital smoothing; sampling theory; the Fourier transform; fast 
Fourier transform; apodlzatlon; aHasIng; convolution and 
deconvolutlon; auto- and cross-correlation; data base management; 
graphics. 

E. Numerical Methods: Integration; solution of differential 

equations; linear algebra (e.g., matrix manipulations, linear 
equations solutions); combinatorics; pseudo-random number gener- 
ation for Monte Carlo calculations; modeling and simulation (e.g., 
molecular dynamlc3, molecular conformational analysis); quantum 
chemistry; reaction dvnamlcs; statistical mechanics. 

Non-Numerical Methods: focus on abstract Information- processing 
tasks; molecular structure representation; molecular model 
building; experimental design feasibility and optimization; pat- 
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tern recognition; searching of bibliographic and spectral data 
banks; substructure searching; applications of mathematical graph 
theory; expert knowledge-based artificial Intelligence systems. 

G. -*ohlcs: function and data displays; Interactive molecular 
struw'. re display. 

II. SAMPLE EXAMINATION QUESTIONS 

The following questions are samples taken from examlnatloni which huve 
been given In college and university chemistry departments. 

1. Define or explain the following terms: floating-point number 
system; Inverted file; registration of chemical ccnpounds; 
simplex; algorithm; heuristic; spline fit; Gaussian distribution. 

2. Describe with several examples the WIswesser linen notation (WLN) 
for representing chemical structures. Describe and give an 
example of a connection table representation of a chemical 
structure. What Is the Morgan algorithm? 

3. Illustrate how a first-order differential equation can be solved 
numerical ly. 

4. How are random numbers generated by computers? Cite a source of 
truly random numbers frr^n nature. What advantages do computer- 
generated random numbers have over truly random numbers? 

5. What are the general properties of Iterative numerical methods 
that are necessary to make them useful? 

6. In "travelling salesman" problems, why Is It necessary to search 
for adequate rather than optimal solutions? 

7. Give the general form of the error function that Is minimized In 
least squares curve fitting. How Is It minimized? Is the result 
unique when a linear function Is used? W*-iy? 

8. What Is a chl-squared test, and how can It be used? 

III. RESOURCE MATERIALS 

The ACS Division of Computers In Chemistry organized and sponsored 
a symposium on cc .outers In undergraduate chemistry. The proceedings 
are being published by WI ley- Intersclence In 1984 under the title, 
"Computer Education of Chemists." Several of the chapters describe 
how colleges and universities have responded to the challenge of the 
rapid Introduction and deployment of the computer In the undergraduate 
chemistry program. 
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